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Abstract 
From magnetic orientation under static and rotating magnetic fields for REOFeAs, REOCuS and FeCh, we discuss determination 
factors of magnetic anisotropies for the above compounds. Behaviours of the magnetic orientation were quite different between 
REOFeAs and REOCuS, and revealed that FeAs layers and RE3+ ions played main roles as determination factors of magnetic 
anisotropies in REOFeAs and REOCuS, respectively. Furthermore, FeSe and FeTe compounds with the same crystal structure 
possess different magnetic axes, and we clarified that FeTe was the one and only compound with the easy axis parallel to the c-axis 
among the Fe- based layered compounds. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
Since the discovery of LaFeAs(O, F) with high critical temperature (Tc) of Tc = 26 K [1], research and development 
of iron-based layered compounds and their related compounds have been improved drastically. For instance, it was 
reported that iron-based superconductors having various thick blocking layers based on perovskite structure between 
the FePn (Pn = P, As) layers, such as (Fe2Pn2)(Sr3+mM2O5+m) (m = 0, 1, Pn = P, As, M = Sc, V, Cr) [2, 4], exhibited 
high Tc ~ 40 K. Moreover, an iron-based compound with the shortest interlayer distance, which means the simplest 
layered structure, also showed superconductivity with Tc ~ 8 K in FeSe [5]. This Tc value is drastically improved under 
isotropic high pressure and Tc = 27K was achieved at 1.48 GPa [6]. However, one recognizes that FeTe with the 
similar crystal structure to FeSe and some FeAs-based compounds were non-superconducting [7]. To clarify their 
intrinsic physical properties and critical current properties, evaluation using samples with highly oriented 
microstructures is indispensable. Also for the practical use of these layered superconducting compounds, grain-
orientation techniques enable the fabrication of superconducting materials with high performance. Magnetic 
orientation is a useful tool as a grain-orientation method. Striking features in this method are that magnetic orientation 
is an epitaxy-free process and even feeble magnetic substances can control their magnetic axes. Recently, in addition 
to the uni-axial orientation of the first easy axis by static fields, development of magneto-science enabled the uni-axial 
orientations of the hard axis [8] and tri-axial orientation [9] by rotation fields and modulated rotation fields, 
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respectively. In this case, the understanding of the magnetic properties, directions of magnetization axes and magnetic 
anisotropies at room temperature, of target materials is necessary for application of the magnetic orientation techniques. 
Our group has reported the proof of principle in tri-axial orientation of a twin-free RE-based cuprate superconductor 
[10] and uni-axial magnetic anisotropies of RE ion as a determinant factor of magnetic anisotropy in REBa2Cu3Oy 
(RE123), at room temperature [11]. In the present study, we report on the magnetic orientation effects of REOFeAs 
(RE = La, Nd), REOCuS (RE = La, Ce, Pr, Nd) and FeCh (Ch = Se, Te) at room temperature. Furthermore, from 
powder samples oriented in two different types of magnetic fields at room temperature, their magnetic axes were 
determined and determination factors of magnetic axes in Fe-based and Fe-related layered compounds were clarified. 
2. Experimental 
REOFeAs (RE = La, Nd; FeAs-RE1111), REOCuS (RE = La, Ce, Pr, Nd; CuS-RE1111) and FeCh (Ch = Se,Te) 
were synthesized by solid state reaction in a vacuumed quartz ampoule. Sintering temperatures for synthesis of their 
single phases were 1100°C, 900-1000°C, 600-800°C for REOFeAs, REOCuS and FeCh, respectively. Powders of the 
above substances were mixed with epoxy resin at a weight ratio of powder : resin = 1 : 10. The epoxy resin containing 
the powder was cured for more than 12 h at room temperature in static or rotating magnetic fields. As shown Fig. 1a, 
the specimens were located in a condition of P0Ha = 10 T and : 0 rpm for the orientation under static field (SF), 
whereas they were located in various conditions of P0Ha = 0.1~10 T and : 100~150 rpm for the orientation by 
rotating field (RF). X-ray ș-2ș scanning was performed at D and J planes of the powder samples oriented by SF and 
RF for determination of first easy and hard axes for magnetization, respectively. X-ray rocking curves at the (003) 
peak were examined in RE1111 for tilting to the ab direction. Moreover, the degrees of orientation were evaluated 
from the Lotgering method [12]. 
 
 
Fig. 1. Schematics of experimental configurations of magnetic orientations under (a) static field and (b) rotation field.   (c)  XRD patterns at the J 
plane for the magnetically oriented LaOFeAs and  REOCuS (RE = La, Ce, Pr, Nd) powder samples 
3. Results and discussion 
A top of Fig. 1c shows a XRD pattern at the J plane for the LaOFeAs powder sample oriented under the 10 T of RF 
with : rpm. The (00l) peaks were relatively enhanced compared with those of the powder pattern, and the hard 
magnetic axis of LaOFeAs was parallel to the c-axis. However, intensities of the (00l) peaks were comparable to that 
of a broadened peak at 2T ~ 20°, which is due to diffraction of epoxy resin, and other peaks except (00l) peaks for the 
RE1111 phase, such as (102), were not completely suppressed. That is, the degree of the c-axis orientation is not so 
high even under 10 T. A similar XRD pattern was obtained for the NdOFeAs powder sample oriented in the RF of 10 
T, and the magnetic hard axes for the REOFeAs compounds were insensitive to the type of RE in spite of the doping 
of RE ions with different signs of the second-order Stevens factor, DJ [13]. The above results suggest that the magnetic 
axes and magnetic anisotropy of the FeAs-RE1111 are mainly dominated by the FeAs layer. In order to clarify the 
magnetic roles of RE ions in the RE1111 compounds, we focused on the CuS-RE1111. A cationic valence of Cu in 
REOCuS shows +1 and its 10 electrons in the 3d orbital are fully occupied in the 3d orbital of the Cu ion. Therefore, 
magnetic anisotropy due to the 3d electrons at the CuS layer is expected to be completely suppressed, and magnetic 
orientation using REOCuS instead of REOFeAs is probably useful for the clarification of magnetic axes and magnetic 
anisotropy of RE ions. 
XRD patterns at the J planes for the REOCuS (RE = La, Ce, Pr, Nd) powder samples oriented under the 10 T of RF 
with : rpm are also shown in Fig. 1c. In the case of RE = La, the obtained pattern was almost same as a powder 
(c)
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XRD pattern of LaOCuS. This means that the LaOCuS powder sample was randomly oriented and the c-axis magnetic 
anisotropy is extremely low. In the case of LaOCuS, a valence of Cu ion is expected to be +1 and number of 3d 
electrons of Cu1+ is 10. Due to lack of magnetic roles at the Cu and La sites, the response to the magnetic field was 
suppressed in the case of LaOCuS consisting of only non-magnetic ions.  
                           
Fig. 2. (a) P0Ha dependence of 'Z at (003) peak for the magnetically oriented powder samples of REOCuS (RE = La, Ce, Pr, Nd).   XRD patterns of 
the FeSe (b) and FeTe (c) powder samples oriented in RF (J plane) and SF (D plane), together with these powder patterns. 
However, only (00l) peaks were largely enhanced in the cases of RE = Ce, Pr and Nd, and these hard axes were 
obviously determined to be the c-axis direction. This is quite different from the result for LaOCuS, suggesting that the 
magnetic axes depend on the type of RE ions. Crystal field effect of the 4f orbital is extremely weaker compared with 
that of the 3d orbital. However, these weak magnetic anisotropies of RE ions, single ion magnetic anisotropies, can be 
theoretically understood in terms of second-order Stevens factor, DJ, which expresses a shape of 4f orbital of RE ion 
[13]. Signs of DJ are zero for RE = La, and minus for RE = Ce, Nd and Pr. The determined hard axes of REOCuS 
exhibited strong correlation with the sign of DJ, indicating that a dominant factor of magnetic anisotropies in REOCuS 
is the single-ion magnetic anisotropy of RE ions. That is, dominant factors of magnetic anisotropy in RE1111 were 
changed from the FeAs layer to the REO layer by the substitution of CuS for FeAs, and the magnetic roles of RE ions 
emerged remarkably in REOCuS. Magnetic axes and Lotgering factor (F) [12], of REOFeAs and REOCuS are 
summarized in Table 1. The F values indicated that REOFeAs showed weak c-axis orientation with F ~ 0.5, and 
LaOCuS and REOCuS (RE = Ce, Pr, Nd) showed almost random and almost complete c-axis orientations, respectively. 
 To clarify P0Ha dependence of the degrees of c-axis orientation in REOCuS, full-widths at half maximum ('Z) of 
x-ray rocking curves of the (003) peak at the J plane were determined for all the magnetically oriented REOCuS 
powder samples. Note that the 'Zvalues for the LaOCuS powder samples could not be determined due to appearance 
of the rocking curves without a peak structure. Fig. 2a shows P0Ha dependence of'Zfor the REOCuS powder 
samples oriented under P0Ha = 0.1~10 T.  When one focuses on the result for CeOCuS, the high degrees of c-axis 
orientation with 'Z~ °were accomplished for P0Ha > 0.5 T. However, the 'Z values were gradually increased with 
the decrease in P0Ha for P0Ha < 0.5 T. Therefore, this means that a crossover magnetic field (P0Hcrc-axis) above which 
high degrees of the c-axis orientation was deduced to be approximately 0.4 T for CeOCuS. On the other hand, in the 
cases of REOCuS (RE = Pr and Nd), the P0Hcrc-axis values for both compounds were determined to be ~0.75 T. 
Table. 1. Magnetic axes and F values of REOFeAs (RE = La, Nd), REOCuS (RE = La, Ce, Pr, Nd) and FeCh (Ch = Se, Te) 
 LaOFeAs NdOFeAs LaOCuS CeOCuS PrOCuS NdOCuS FeSe FeTe 
First easy ab ab ab ab ab ab ab c 
Hard c c c c c c c ab 
F 0.53 0.59 0.15 0.96 0.89 0.97 0.53 0.64 
 
Finally, in order to clarify the easy and hard axes of Fe-based superconductors with the simplest crystal structure, 
we attempted magnetic orientation under SF and RF for powders of FeCh (Ch = Se, Te) in epoxy resin at room 
temperature. Fig. 2b shows XRD patterns at the D and J planes for the superconducting FeSe powder samples oriented 
under the 10 T of SF and RF (:= 100 rpm), respectively, together with the powder pattern of FeSe for comparison. 
When one focuses on the result at the J plane for the FeSe powder sample oriented in RF, only (00l) peaks were 
clearly enhanced and, furthermore, other diffraction peaks appeared in the powder XRD pattern, such as (101), (111) 
(a) (b) (c) 
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and (112) peaks, were reduced. However, in the case of the D plane, the (200) peak was relatively enhanced, strongly 
indicating from Fig. 2b that the easy and hard axes were the a-axis and c-axis directions, respectively. Fig. 2c shows 
XRD patterns at the D and J planes for the non-superconducting FeTe powder samples oriented in the 10 T of SF and 
RF (:= 100 rpm), respectively, together with the powder pattern of FeTe for comparison. The (200) peak at the J 
plane for the sample oriented in RF was enhanced, whereas the (00l) peaks were clearly enhanced for the orientation 
in SF. That is, the easy and hard axes for magnetization in FeTe are the c- and a-axes, respectively, which is a quite 
contrast to the result in FeSe. Our group has reported the magnetic orientation at room temperature for the FeAs-based 
layered compounds with various thick blocking layers [14], and their hard axes in all the FeAs-based layered 
compounds obtained in that paper were found to be parallel to the c-axis direction. In the present study, a Fe-based 
compound with the magnetic easy axis parallel to the c-axis direction has been discovered from the substances with 
the simplest crystal structure. Moreover, the magnetic axes of FeCh were largely depending on the type of Ch.  
At the current stage, it is in question that magnetic orientation of a certain number of grains of FeCh could not be 
achieved. This is deduced also from the F values of the magnetically oriented FeCh powder samples, as shown Table 
1. To overcome this issue, optimization of synthesis technology of FeCh particles consisting of single grain, 
optimization of magnetic field condition and control of grain size using a ball-milling process are required. 
Furthermore, Tc has been reported to be varied by the control of chemical composition of the chalcogen site in FeCh 
system. FeSe1-xTex, FeSe1-xSx and FeTe1-xSx show superconductivity in the range of x = 0.1̚0.5 [15], x = 0.1̚0.5 
[16], and x = 0.1̚0.2 [17], respectively. To optimize magnetic field for the formation of the c-axis oriented 
microstructure, the clarification of magnetic axes and magnetic anisotropies at the above compositions are needed. 
4. Conclusions 
We attempted to fabricate magnetically oriented powder samples of REOFeAs (RE = La, Nd), REOCuS (RE = La, 
Ce, Pr, Nd), FeCh (Ch = Se,Te) compounds, and their magnetic axes were clarified. Magnetic axes of REOFeAs were 
insensitive to the type of RE, and these magnetic hard axes were the c-axis. However, magnetic axes of REOCuS 
depended on the type of RE. High degrees of c-axis orientation with 'Z~ 2° were achieved for RE = Ce, Pr and Nd 
with DJ < 0, whereas REOCuS containing RE = La with DJ = 0 showed random orientation. These results indicate that 
the FeAs layers and RE3+ ions played dominant roles as the determination factors of magnetic anisotropies in 
REOFeAs and REOCuS, respectively. Furthermore, we found that the FeCh with the simplest layered structure was 
Ch-dependent magnetic axes and FeTe was the one and only compound with the easy axis parallel to the c-axis so far. 
It was found in the present study that the magnetic orientation techniques were a useful tool as a fabrication process of 
superconducting materials in iron-based superconductors by the control of their magnetic axes and anisotropies 
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